Evaluation of the inhibitory effect of dihydropyridines on N-type calcium channel by virtual three-dimensional pharmacophore modeling.
Currently, a new type of calcium channel blockers, which can inhibit not only L-type calcium channels abundantly expressed in vascular smooth muscles, but also N-type calcium channels that abound in the sympathetic nerve endings, have been developed. In this study, analysis on a like-for-like basis of the L- and N-type calcium channel-inhibitory activity of typical dihydropyridine-type calcium-channel blockers (DHPs) was performed. Moreover, to understand the differences of N-type calcium channel inhibition among DHPs, the binding of DHPs to the channel was investigated by means of hypothetical three-dimensional pharmacophore modeling using multiple calculated low-energy conformers of the DHPs. All of the tested compounds, i.e. cilnidipine (CAS 132203-70-4), efonidipine (CAS 111011-76-8), amlodipine (CAS 111470-99-6), benidipine (CAS 85387-35-5), azelnidipine (CAS 123524-52-7) and nifedipine (CAS 21829-25-4), potently inhibited the L-type calcium channel, whereas only cilnidipine inhibited the N-type calcium channel (IC50 value: 51.2 nM). A virtual three-dimensional structure of the N-type calcium channel was generated by using the structure of the peptide omega-conotoxin GVIA, a standard inhibitor of the channel, and cilnidipine was found to fit well into this pharmacophore model. Lipophilic potential maps of omega-conotoxin GVIA and cilnidipine supported this finding. Conformational overlay of cilnidipine and the other DHPs indicated that amlodipine and nifedipine were not compatible with the pharmacophore model because they did not contain an aromatic ring that was functionally equivalent to Tyr13 of omega-conotoxin GVIA. Azelnidipine, benidipine, and efonidipine, which have this type of aromatic ring, were not positively identified due to intrusions into the excluded volume. Estimation of virtual three-dimensional structures of proteins, such as ion channels, by using standard substrates and/or inhibitors may be a useful method to explore the mechanisms of pharmacological and toxicological effects of substrates and/or inhibitors, and to discover new drugs.